INTRODUCTION
Plants belonging to the Brassica oilseed crops have become the third most important source of edible vegetable oils in the world (Cartea et al. 2008) . These plants are grown not only for their oil, which is valued for both edible and industrial uses but also for their meals, being a good source of protein for both animal and human consumption (Uppstrom 1975 , Gunasekera et al. 2006 . The air-dried seeds normally contain about 35-44% oil (Downey and Rimmer 1993) and the meal of Brassica species is rich in protein constituting ~ 36-44% protein after oil extraction and 20-30% protein on a whole seed basis (Uppstrom 1975 , Burton et al. 1999 , Gunasekera et al. 2006 .
Brassica oil production has been considered beneficial due to the presence of nutritionally desirable oleic and linoleic acids. High oleic acid oil offers better taste, good cooking medium due to its high thermostability, cholesterolreducing properties and its use in industrial applications due to high oxidative stability (long shelf-life) (Kaushik and Agnihotri 2000, Cartea et al. 2008) . However, presence of high content (~ 50% of the total fatty acids) of additional long chain unsaturated fatty acids (LCUFA) viz. eicosenoic acid (C20:1) or erucic acid (C22:1) in different species of Brassica viz. B. carinata, B. juncea, B. napus and B. nigra, which are absent in many commercial plant oils, makes them a poor candidate for human consumption due to antinutritional properties (Kanrar et al. 2006 , Cartea et al. 2008 . On the other hand, the residual mixture of the oil extracted seeds of oil seed crop is a valuable source of high-proteins for commercial feeds and the relatively high protein content (18-24%) of rapeseed and mustard varieties makes them as a good choice of food grade proteins (Marnoch and Diosadyu 2006) .
Varieties of Brassica viz. B. napus whose oil contains low aliphatic glucosinolate and erucic acid contents are increasingly referred to as canola. Now canola-quality B. rapa and B. juncea varieties are also available (Sinha et al. 2007) . The Malaysian flora is one of the richest and the oldest flora in the world. According to Digital Media Network Inc. (2005) , Malaysia is one of 12 centres of megaThe oil, protein and glucosinolate contents in the seeds of Brasica juncea var. Ensabi were determined as 34.6%, 32.1% and 34.8 µmol/g respectively. Fatty acid analysis of the Ensabi oil revealed the presence of significant amount of unsaturated fatty acids, namely oleic acid (18.2%) and linoleic acid (16.9%) while lower quantity of saturated fatty acids: stearic acid (1.4%) and palmitic acid (2.8%). It also contained a very high amount of erucic acid (42.0%) whereas other polyunsaturated fatty acids, such as linolenic acid (5.5%), eicosenoic acid (8.8%) showed moderate presence. This composition was similar to the one reported for rapeseed (high erucic) oil and could not meet the specifications for human nutrition due to the very high content of long chain unsaturated fatty acid, erucic acid against its absence as recommended by FAO and WHO. Therefore, Ensabi oil can not be used as a vegetable oil for human nutrition. biodiversity in the world and more than 15,000 species of flowering plants are known in this tropical climate. Brassica juncea var. Ensabi has been grown as a special crop in east part of Malaysia for many years but has not been used extensively for oil production as little is known about the chemical composition of this plant. Therefore, we studied the oil, protein and glucosinolate contents of different parts of the plant and analyzed the fatty acid composition of its oil.
MATERIALS AND METHODS

Determination of oil content
The oil content in different plant parts was determined by soxhlet extraction method. B. juncea var. Ensabi seeds, obtained from mature plants (source: RIMBA ILMU, University of Malaya) were dried at 45°C for 24 h using an air-circulating oven. Five gram dried seeds were grounded in a laboratory mill (Hosokawa Alpine 100 UPZ), kept in the soxhlet apparatus and mixed with 250 mL of hexane (boiling point: 65-70°C). Oil was extracted from the dried milled seeds for 10 h. The solvent was recovered and distilled off at 70°C. The oil recovered in a minimum volume of hexane was transferred into a pre-weighed clean beaker, incubated at 55°C to evaporate the solvent and the oil was weighed. Oil content was calculated as an average of four replicates from the weights of oil and seeds using the formula;
Oil Weight Oil content (%) = _____________ × 100
(1) Seed Weight Similar procedure was used for oil content determination in other plant parts.
Protein estimation
Quantitation of the protein content in seeds / other plant parts of B. juncea var. Ensabi was made using Kjeldahl method by estimating the nitrogen content and multiplying it with 6.25, as suggested by Harborne (1973) . The grounded, dried material was digested in concentrated sulphuric acid for converting all the nitrogen to ammonia, which was distilled into a standardized acid solution and determined analytically by titration.
Determination of glucosinolate content
Total glucosinolate content in different plant parts was determined in the same way as described earlier (Smith and Dacombe 1987) . Interfering phenolic compounds were removed from the extracts by filtration through a charcoal-coated paper and glucose was estimated using glucose oxidase/ peroxidase method. Acidified methanol/water mixture was used to inactivate the myrosinase before estimating free glucose in seeds and other plant parts. Total glucosinolate content (µmol/g 1 seed) was calculated after correcting it for free glucose. 
Fatty acid analysis
Distribution of different fatty acids in the seeds of B. juncea var. Ensabi was analyzed by chemical conversion of its oil into fatty acids and their methyl esters, followed by their separation and analysis by gas chromatography (Kowalski 2007) . Unicam 610 Series Gas Chromatograph, equipped with a flameionization detector and a column (120 × 0.25 mm i.d.) coated with a 0.25 m film of HP-6890 was used to run the chromatography. Split injection in a ratio of 1:100 was made at a flow rate of 43 m. s using hydrogen as a carrier, followed by maintainance of the column temperature at 198°C (1 min). It was then programmed at 2.75° min to 225°C (2 min), followed by at 40° min to 230°C (2 min). The temperature of the injection port and detector was set at 250°C. Calculations were based on analysis of standard mixtures. 
RESULTS AND DISCUSSION
Distribution of oil, protein and glucosinolate contents in different parts of B. juncea var. Ensabi is shown in Table 1 . As can be seen from the table, seeds contained the highest oil content (34.6%), whereas other parts of the plant such as flower, leaf, pod, stem and roots were deficient in it (oil content < 0.5%). In addition to the oil, seeds were also found rich in protein (32.1%) and glucosinolate (34.8 µmol/g) contents compared to other plant parts. The average protein content of Ensabi seeds makes it a potential source of food-grade vegetable protein. Similar to oil storage, other plant parts also showed less preference for protein storage as the protein content was found < 1.3% in these parts. On the other hand, glucosinolate distribution was remarkably high in some other plant parts, being comparable to seeds i.e. ~30 µmol/g in both flowers and pods and 17.0 µmol/g in leaves (Table 1) .
Glucosinolates (sulphur and nitrogen containing organic compounds) are secondary metabolites and distributed in most of the plants of Brassicales, including the family Brassicaceae, Caricaceae and Capparidaceae (Rodman et al. 1996) . Due to their role in the plant defence mechanism against herbivores via myrosinase-catalyzed reaction (Burow et al. 2007) , presence of glucosinolates in most plant parts seems justifiable. The phytochemicals derived from glucosinolates have shown cancer chemopreventive action and developed interest in the consumption of plants by humans (Hayes et al. 2008) . In 1995, a new canola definition came into effect in Canada which included seed from the whole of the Brassica genus, if it contains less than 18 µmol of total glucosinolates per gram whole seed at a moisture content of 8.5% (Uppstrom 1997) . Ensabi oil with 34.8 µmol/g glucosinolate content can not be considered as a canola oil. Table 2 shows the fatty acid analysis of the oil of B. juncea var. Ensabi. The oil was found rich in unsaturated fatty acids as the average concentration of 18 carbon monounsaturated oleic acid (C18:1) was 18.2% whereas the two other polyunsaturated counterparts, linoleic acid (C18:2) and linolenic acid (C18:3) were present as 16.9% and 5.5%, respectively. The most striking was the high percentage (42%) of erucic acid (C22:1), a long-chain-unsaturated fatty acid (LCUFA) whereas eicosenoic acid (C20:1) constituted only 8.8 %. Contrary to it, the two saturated fatty acids, namely palmitic acid (C16:0) and stearic acid (C18:0) were present in lesser amount and constituted only 4.2%.
All these fatty acids (except erucic acid) are important for dietary purposes. The high content of oleic acid further corroborates the possibility of using oil from Ensabi seeds in dietary formulations. Results showed the distribution of fatty acids in Ensabi oil was comparable to some other processed vegetable oils that are commercially available with respect to certain fatty acids (Table 3) . Although the fatty acid compositions of the oils of Rapeseed (high erucic) and B. juncea var. Ensabi were found comparable but were different from those of other edible oils in possessing a substantial amount of the long-chain monoenoic (erucic) fatty acid (Table 3 ).
Presence of a higher level of oleic acid and reduced linoleic and linolenic acids content in an oil offers higher oxidative stability and lower oxidation products as degree of unsaturation of fatty acids, light and temperature have been found to affect the rate of oxidation of oils (Scarth and McVetty 1999) . By definition, canola is the seed of B. Napus, B. juncea or B. rapa, whereby the oil contains less than 2% eurcic acid (Canola 1990 ). According to this definition, the oil of Ensabi with very high erucic acid content (42%) can not be categorized as canola oil. The oil obtained from the Ensabi seeds showed a reduced level (<5%) of saturated fatty acids (SFA), but moderate levels viz. ~18% and 22% of monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA), respectively (Table 4) .
Although present in moderate amounts, the two human essential PUFAs, i.e., C18:2 ( -6) and C18:3 ( -3) were present in a ratio of 3:1. The main component of the Ensabi oil was erucic acid accounting for 42% of the total fatty acids (Table 4 ). The high-eruate mustard oil is detrimental to mammalian health (Sinha et al. 2007) . A high ratio of MUFA/ SFA along with a significant proportion of two essential PUFAs, i.e. C18:2 ( -6) and C18:3 ( -3) in a ratio between 5:1 and 10:1 is desirable in an improved edible oil according to FAO/WHO recommendations for dietary fats in human nutrition (Table 4) .
Thus, Ensabi oil does not possess the ideal composition of fatty acids recommended for human nutrition. In particular, erucic acid is nutritionally undesirable. Therefore, Ensabi oil can not be used as a vegetable oil for human nutrition.
